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(54) MeUiod and apparatus for manufacturing electronic devices 



(57) An apparatus for manufacturing electron to de- 
vices includes a laser device (101) for generating laser 
beams (10-1a), a masking unit (102) having a masking 
substrate for shaping beam spots of the laser beams, a 
first stage (300) for placing a first substrate (301 ), which 
carries a object to be transferred, a second stage (200) 
for placing a second substrate (201), to which the object 
to be transferred is transferred, an adhesive agent ap- 
plying unit (500) for applying an adhesive agent on the 
object to be transferred or on a transferred position on 
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the second subs^ate, and a control unit (700) for con- 
troJIing the actions of the first and the second stages, 
and is characterized in that the control unit (700) trans- 
fers the object to be transferred from the first substrate 
to the second substrate by the steps of moving at least 
one of the first and the second stages for performing 
Inter-subs^ate alignment of the masking substrate, the 
first and the second substrates, adhering the first and 
the second substrates, irradiating a laser beam onto the 
object to be transferred, and moving the first and the 
second substrates away from each other 
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Description 

[0001] The present invention relates to a nnanufaciur- 
mg apparatus and a manufacturing method of manufac- 
turing electronic devices using inter-substrate transfer- 
ring technology for transferring an electronic device 
from one substrate to another substrate, 
[0002] A technology for transferring an electronic de- 
vice from an original substrate to another substrate is 
proposed. For example, a TFT-LCD (Liquid Crystal Dis- 
play) manufactured on a quartz substrate in a iow tem- 
perature polysiMcon TFT (Thin Film Transistor) process 
Is transferred onto a pfastic substrate so as to facilitate 
assembling of the LCD on the plastic. substrate in the 
form of a film, which Is low in capacity for resisting heat 
For example, in Japanese Unexamined Patent Applica- 
tion Publication No. 11-142878, a method of forming a 
display panel with transistor array, in which the TFT el- 
ement is selectively transferred, is disclosed. 
[Q003] In such a technology for transferring a thin film 
electronic device, transfer can be performed not only in 
circuits (apparatus), but also in active electronic ele- 
ments In a theoretical sense. 

[0004| However, in order to make inter-substrate 
transfer of the thin film circuit or the thin film element fit 
for practical use, a manufacturing apparatus that can 
perform inter-substrate transfer automatically is re- 
quired. 

[0005] In addition, in inter-substrate transfer, when 
the substrate is formed of a flexible material, such as an 
organic film substrate, or when an original substrate and 
a destination substrate a re formed of different materials, 
it is difficult to ensure the degree of positioning accuracy 
when adhering them together. In other words, the organ- 
ic film substrate is liable to undulate or warp, and thus 
it is difficult to perform inter-substrate alignment with a 
high degree of accuracy. 

[0006] When manufacturing a large-size liquid crystal 
display, which involves formation of active electronic el- 
ements or circuits on a large glass substrate, it is nec- 
essary to upsrze equipment used in the manufacturing 
process In order to deal with large substrates. This may 
cause an increase in the cost of equipment. 
[0007] According^, an object of the present Invention 
Is to provide a manufacturing apparatus that can per- 
form inter-substrate transfer of a circuit or a thin film ac* 
live electronic element automatically, 
[0008| It is another object of the present invention to 
provide a manufacturing apparatus that can perform an 
inter-thin film substrate transfer of the thin film circuit or 
the thin film element with a high degree of accuracy. 
[0009] It is still another object of the present invention 
to provide a manufacturing apparatus that enables man- 
ufacturing a large sized electric optical device such as 
a liquid crystal display or an organic EL display using 
conventional manufacturing equipment. 
[0010] In order to achieve the objects described 
above, an apparatus formanufacturing electronic devic- 



es according to the present invention includes a laser 
device for generating laser beams, a masking unit hav- 
ing a masking substrate for shaping beam spots of the 
laser beams, a first stage for placing a first substrate, 
5 which carries a object to be transferred, a second stage 
for placing a second substrate, to which the object to be 
transfen^ed is transferred, an adhesive agent applying 
unit for applying an adhesive agent on the object to be 
transferred or on a transferred position on the second 

10 substrate, and a control unit for controlling the actions 
of at least the first and the second stages, wherein the 
control unit transfer the object to be transferred from 
the first substrate to the second substrate by the steps 
of moving at least one of the first and the second stages 

15 for performing inter-substrate alignment of the masking 
substrate, the first and the second substrates, adhering 
the first and the second substrates, irradiating the laser 
beam onto the object to be transferred, and moving the 
first and the second substrates away from each other 

20 [0011] In this arrangement, an apparatus that per- 
forms inter-substrate transfer of the thin film elements 
or the thin film circuits automatically can be provided. 
[0012] Furthermore, continuity of the manufacturing 
process or assembling process is ensured by providing 

25 a substrate transporting unit for transporting each sub- 
strate to the stage. It is also possible to provide the stage 
Itself with a function for transporting the substrates. 
[0013] Preferably, inter-substrate alignment is per- 
formed by forming alignment marks on each of the 

30 masking substrate, and the first and the second sub- 
strates In advance, detecting the state of alignment of 
the allgnrnent marks by a detecting untt. and moving at 
least one of the first and the second stages based on 
the result thereof. Accordingly, alignment between the 

35 object to be transferred on the first substrate and the 
position to be transferred on the second substrate can 
be achieved. 

[0014] Preferably, the detecting unit is a CCD camera, 

and the state of alignment can be detected by observing 

^0 the overlapping state of the alignment marks, 

[0015] Preferably, the inter-substrate afignment is 
performed by aligning the alignment mark on the second 
substrate to the alignment mark on the masking sub- 
strate, and aligning the alignment mark on the first sub- 

45 siraie to the alignment mark on the second substrate, 
[0016] Preferably, the inter-substrate alignment is 
perfonmed by aligning the alignment mark on the first 
substrate to the alignment mark on the masking sub- 
strate, and the alignment mark on the second substrate 

50 to the alignment mark on the first substrate. 

[0017] Preferably, the Inter-substrate alignment is 
performed by aligning the alignment mark on the first 
substrate to the alignment mark on the masking sub- 
strate and aligning the alignment mark on the second 

55 substrate to the alignment mark on the nnasking sub- 
strate. 

[0018] Preferably, an alignment mark is formed on the 
first substrate for each object to be transferred . Accord- 
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mgly, each of the object to be transferred can be ad- 
. he red to a predetermined region on the second sub- 
strate independently. 

[0019] Preferabfy, the alignment mark is fornied on 
the second substrate for each predetermined region. 5 
Accordingly, the objects to be transferred can be trans- 
ferred to a plurafily of positions by moving the second 
substrate step-by-step, thereby Increasing productivity. 
[0020] Preferably, the masking substrate includes a 
transmission window substrate formed with a ti^nsmis- io 
sion window smaHer than the laser beam size, and a 
plurality of transmission window substrates each having 
a transmission window which is different in size from 
others, so that one of the transmission window sub- 
strates can be selected as needed corresponding to the 
shape of the object to be transferred. Accordingly, a plu- 
rality of kinds of objects to be transferred, which are dif- 
ferent in size, can be transferred. 
[0021] Preferably, the masking substrate includes a 
dHTi^clion grating substrate for splitting the laser beam 20 
into a plurality of branches, Accordingiy, a plurality of 
objects to be transferred can be transferred by In-adiai- 
ing a pluratity of regions simultaneously. 
[0022] Preferably, the masking substrate includes the 
diffraction grating substrate for splitting the laser beam 25 
into a plurality of beams, and a transmission window 
substrate formed with a plurality of transmission win- 
dows corresponding to the branched plurality of beams. 
Accordingly, a plurality of objects to be transferred being 
different in size can be transferred simultaneousfy. ^0 
[0023] Preferably, a laser beam is split into a plurality 
of beams by an optical fiber, or a plurality of laser beams 
guided from a plurality of laser beam sources through a 
plurality of optical fibers and the transmission window 
formed with a plurality of transmission windows are 35 
used. Accordingly, a plurality of objects to be transferred 
can be selectively transferred. 

[0024] Preferably, an undulation preventing unit is 
provided on the second stage for reducing undulation 
or inclination of the second substrate. Accordingly, the 
second substrate can be maintained evenly, and thus a 
film substrate, which is liable to be warped, can easily 
be used. 

[0025] Preferably, the unduJation preventing unit in- 
cludes a plurality of pressure sensors for detecting the ^5 
pressure arranged on the surface of the second stage 
on which the substrate is placed, a plurality of minutely 
elastic object disposed on the surface of the second 
state on which the substrate is placed, and an undula- 
tion correcting unit for controlling expansion and con- 50 
traction of the plurality of minutely elastic objects based 
on the respective outputs from the plurality of sensors. 
Accordingly, warping or undulation of the substrate can 
automatically be prevented, 

{0026] Preferably, the pressure sensor and the 55 
minutely elastic object are constructed of a piezoelectric 
element. 

[0027] Preferably, a piece of piezoelectric element is 



used as both the pressure sensor and the minutely elas- 
tic object. Accordingly, downsizing can easily be real- 
ized. 

[O028] Preferably, the object to be transferred in- 
cludes a thin film element or a thin film circuit. Accord- 
ingly, transfer in single thin film elements or transfer in 
single film circuits are achieved, whereby manufacture 
of the electronic device is facilitated. In particylar, man- 
ufacture of large sized electric optical devices (Liquid 
Crystal Displays, organic EL displays, and so on) Is fa- 
cilitated. 

[0029] Preferably, the first substrate is a transparent 

substrate such as glass, 

[0030] Preferably, the second substrate is a substrate 
on which a wiring is formed. 

[0031 J Preferably, the temperature of the substrate ts 
controlled to a predetemiined value by a heater or a tem- 
perature sensor disposed on the stage. 
[0032] Preferably, the electronic device includes a 
semiconductor device, an electric optical device, or an 
iC card. 

[0033] A method of manufacturing electronic devices 
according to the present invention is a manufacturing 
method of manufacturing electronic devices using a 
transfer technology In which Sn object to be transferred 
formed on a first substrate is transferred onto a second 
substrate, including the steps of: selecting one of a mask 
substrate having a transmission window; first and sec- 
ond substrates as a reference substrate for alignment; 
adjusting the positions of the respective substrates so 
that an alignment mark formed on the reference sub*- 
strate and alignment marks formed on the other two sub- 
strates are aligned with each other; adhering the first 
and the second substrates via an adhesive agent ap- 
plied on the portion of the object to be transferred; irrar 
diating a laser onto the object to be transferred via the 
masking substrate and peeling the object to be trans- 
ferred from the first substrate; and separating the first 
and the second substrates and transferring the object 
to be transferred to the second substrate. 
[0034] In this arrangement, the object to be trans- 
ferred disposed at a predetermined position on the first 
substrate can be transferred accurately to a selected po- 
sition to be transferred on the second substrate. 
J0035] A method of manufacturing electronic devices 
according to the present invention is a manufacturing 
method for manufacturing electronic devices using a 
transfer technology in which an object to be transferred 
formed on a first substrate is transferred to a second 
substrate, including the steps of: aligning an alignment 
mark formed on the second substrate with an alignment 
mark formed on a masking substrate having a transmis- 
sion window corresponding to the shape of the object to 
be transferred; aligning the alignment mark formed on 
the first substrate to the alignment mark formed on the 
second substrate: adhering the first and the second sub- 
sb'ates via an adhesive agent applied on the portion of 
the object to be transferred; irradiating a laser onto the 
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object to be transferred through the masking substrate 
and peelfng the object to be transferred from the first 
substrate; and separating the first and the second sub- 
strates and transferring the object to be transferred to 
the second substrate. 5 
[0036] !n this arrangement, transfer of a plurality of 
objects to be transferred on the first substrate onto pre- 
determined regions on the second substrate can be per- 
formed within a retatively short time by aligning the align- 
ment mark on the first substrate with the alignment mark io 
on the second substrate in sequence. 
[0037] A method of manufacturing an electronic de- 
vice according to the present invention is a manufactur- 
ing method for manufacturing eiectronic devices using 
a transfer technology in vWiich an object to .be trans- is 
f erred formed on a first substrate is transferred to a sec- 
ond substrate, including the steps of: aligning an align- 
ment mark formed on the first substrate with an align- 
ment mark formed on a masking substrate having a 
transmission window corresponding to the shape of the 20 
object to be transferred; aligning an alignment mark 
formed on the second substrate with the alignment mark 
on the first substrate; adhering the first and the second 
substrates via an adhesive agent applied on the portion 
of the object to be transferred; irradiating a laser onto ^5 
the object to be transferred through the masking sub- 
strate and peeling the object to be transferred from the 
first substrate; and separating the first and the second 
substrates and transferring the object to be transferred 
to the second substrate. 

[0038] In this arrangement, the object to be trans- 
ferred on the first substrate can be transferred to the 
position to be transferred on the second substrate. 
[0039] A method of manufacturing electronic devices • 
according to the present invention is a manufacturing 35 
method for manufacturing electronk: devices using a 
peel and transfer technology in which an object to be 
transferred formed on a first substrate is peeled and 
transferred to a second substrate, Including the steps 
of: alining an alignment mark formed on the first sub- 40 
strate with an alignment mark formed on the masking 
substrate having a transmission window corresponding 
to the shape of the object to be transferred; aligning the 
alignment rr)ark formed on the second substrate to the 
alignment mark formed on the masking substrate; ad- ^5 
hering the first and the second substrates via an adhe- 
sive agent applied on the portion of the object to be 
transferred; irradiating a laser via the masking substrate 
to the object to be transferred and transferring the object 
to be transferred from the first substrate; and separating so 
the first and the second substrates and transferring the 
object to be transferred to the second substrate. 
[Q040] in this arrangement, alignment with a higher 
degree of accuracy is achieved. 

[0041] Preferably, the masking substrate includes a S5 
unit for branching the laser beam into a plurality of 
beams, and a plurality of windows for allowing the plu- 
rality of split laser beams to pass, respectively. Accord- 



ingly the object to be transferred may be transferred to 
a plurality of regions simultaneously. Preferably, the 
branching unit includes a diffraction grating or a plurality 
of optical fibers. Furthermore, by combining the plurality 
of optical fibers and an optical switch, laser beam can 
be irradiated onto a desired region, or a desired plurality 
of regions. Accordingly, the object to be transferred on 
selected one or plurality of regions of the plurality of re- 
gions may be transferred simultaneously. 
[0042] Embodiments of the present invention will now 
be described by way of further example only and with 
reference to the accompanying drawings, in which:- 

Fig. 1 is an explanatory drawing schematically illus- 
trating an apparatus for manufacturing electronic 
devices according to the present invention. 
Fig. 2 is an explanatory drawing illustrating an ex- 
ample of a mask used in the apparatus for manu- 
facturing electronic devices. 
Fig. 3 is an explanatory drawing illustrating an ex- 
ample of an A stage. 

Fig. 4 is an explanatory drawing illustrating adjust- 
ment of alignment, In which the drawing (a) illus- 
trates a original substrate, and the drawing (b) illus- 
trates an example of a destination substrate. 
Fig, 5 is a block diagram illustrating a control system 
of the apparatus for manufacturing electronic devic- 
es. 

Fig. 6 is an explanatory drawing illustrating a mask 
set In the manufacturing process. 
Fig. 7 is an explanatory drawing illustrating loading 
and adjustment of alignment of the destination sub- 
strate in the manufacturing process. 
Fig. 8 IS an explanatory drawing illustrating applica- 
tion of an adhesive agent on the original substrate 
in the manufacturing process. 
Fig, 9 rs an explanatory drawing illustrating adjust- 
ment of alignment of the original substrate in the 
manufacturing process. 

Fig. 10 is an explanatory drawing illustrating detec- 
tton/adjustment of inclination or distortion of the 
destination substrate in the manufacturing process. 
Fig. 11 is an explanatory drawing illustrating adhe- 
sion/laser irradiation between the original substrate 
and the destination substrate in the manufacturing 
process. 

Fig. 12 is an explanatory drawing illustrating peel 
and transfer in the manufacturing process. 
Fig, 13 is an explanatory drawing Illustrating appli- 
cation of an adhesive agent on the original sub- 
strate in the manufacturing process. 
Fig. 14 is an explanatory drawing illustrating adjust- 
ment of alignment of the destination substrate in the 
manufacturing process. 

Fig. 15 is an explanatory drawing illustrating adjust- 
ment of alignment of the original substrate in the 
manufacturing process. 

Fig. 16 Is an explanatory drawing Illustrating detec- 
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tion/adjustment of inclination or distortion in the 
destination substrate in the manufacturing process. 
Fig. 17 is an explanatory drawing itlustrating adhe- 
sion/^aser irradiation between the original substrate 
and the destination substrate In the manufacturing 
process. 

Fig. 18 fs an explanatory drawing illustrating peel 
and transfer in the manufacturing process. 
Fig. 19(a) is an explanatory drawing illustrating an 
example of a selecting mask for selecting a region 
to irradiate a laser beam. Fig. 19(b} is an explana- 
tory drawing iliustrattng an example of branching 
the laser beam into an array by a dfflfraction grating 
nnask. 

Fig. 20 IS an explanatory drawing illustrating an ex- 
ample in which the laser beam is branched Into an 
array by the dlfTraction grating mask and then fomrt- 
Ing the shape of the beam spot by the shape of the 
hoie formed on the region selecting mask. 
Fig, 21 is an explanatory drawing Illustrating an ex- 
ample in which the laser beam is guided through 
the optical fiber for selectively Irradiating a plurality 
of regions. 

Fig. 22 is an explanatory drawing illustrating an ex- 
. ample of arrangement of the alignment marks in the 
case where a plurality of objects to be transferred 
are transferred into the same region on the destina- 
tion substrate. 

Fig. 23 is an explanatory drawing illustrating an ex- 
ample of arrangement of the alignment marks in the 
case where a plurality of objects to be transferred 
are transferred to a plurality of regions on the des- 
tination substrate. 

Fig. 24 is an explanatory drawing illustrating an ex- 
ample of transfer of the thin film element or the thin 
film circuit to the destinaUon substrate. 
Fig, 25 is an explanatory drawing illustrating anoth- 
er example of transfer of the thin film circuit to the 
destination substrate. 

[0043] Fig. 1 is an explanatory drawing schematically 
illustrating an apparatus for manufacturing electronic 
devices in which the electronic device is assembled ac- 
cording to the inter-substrate transfer technology ac- 
cording to the present invention. 

[0044] As shown in the same drawing, a manufactur- 
ing apparatus 1 is generally includes an optical unit 100 
for emitting a laser for transfer, a A stage 200 for placing 
a destination substrate, a B stage 300 for placing an 
original substrate, a substrate transporting unit 400 for 
transporting the substrate to each stage, an adhesive 
agent applying unit 500 for partially applying an adhe- 
sive agent onto any one of substrates, CCD cameras 
601a, 601b, 602a, and 602b for detecting a mark for ad- 
justing alignment for aligning the original substrate and 
the destination substrate, and a control unit 700 Includ- 
ing a computer system for controlling the manufacturing 
process. 



[0045] The optical unit 100 is secured to a frame, not 
shown, and includes a laser source 101 for generating 
aiaserbeam lOlaforperfoming transfer, a replaceable 
mask 102 for defining a spot shape of the laser beam 

5 101a passing therethrough, and upper CCD cameras 
601 a and 601b for adjusting alignment of the mask 102 
and a later described original substrate 301. 
[0046] As shown in Fig. 2, the mask 102 includes a 
through port 1 02a formed on a substrate for shaping the 

10 spot shape of the laser beam 101a so as to coincide 
With the shape of a region to be transferred on the sub- 
strate. Aligriment marks 103a and 103b are formed on 
arbitrary two positions on the substrate. As described 
later, the mask 1 02 is not limited to an example shown 
in the figure, but may be selected from various types for 
use. 

[0047J The A stage 200 is used for placing and fixing 
a destination substrate 201 , which is transported by the 
substrate transporting unit 400, on the upper surface of 

20 a bed. For example, the destination substrate 201 is 
fixed and stuck on the surface of the substrate by ap- 
plying a negative pressure by vacuum, and Is released 
from focation by switching the pressure of vacuum to ze- 
ro or to a positive pressure, A heater 206 for maintaining 

25 the temperature of the substrate constant and a temper- 
ature sensor 204 (See Fig. 5) for detecting temperatures 
of the A stage are arranged in the A stage 200. The A 
stage 200 includes various actuators, such as a pulse 
motor. Integrated therein, and is capable of moving in 

30 the direction of an X-axis (lateral direction), in the direc- 
tion of a Y-axis (near-far direction), in the direction of a 
Z-axis (vertical direction), and about a Z-axis in the di- 
rection of an rotational angle 8 in the drawing. The A 
stage 200 is controlled by a control unit 700 in terms of 

35 position, posture, actio n» and so on. The destination 
substrate 201 is formed with alignment marks 202a and 
202b at two positions. The destination substrate 201 is 
a flexible film substrate of organic material or a plastic 
substrate, which is cutout into an IC card. 

'*o [0048] As shown in Fig. 3. a sensor array 203 for de- 
tecting and correcting deflection or roughness on the 
destination substrate 201 is arranged on the surface of 
the A stage on which the destination substrate 201 is 
placed. Each unit element of the sensor array 203 de- 

45 tects the pressure (weight) and causes minute expan- 
sion and contraction. Although it is not limited thereto, 
for example, the unit element, being constructed of a 
piezoelectric element, converts the applied weight at 
each portion into an electric signal, detects the convert- 

50 ed signal, and causes minute expansion and contraction 
in the vertical direction at prescribed portions by apply- 
ing the applied voltage to the piezoelectric element. Ac- 
cordingly, deflections or distortions of the flexible desti- 
nation substrate 201, which is placed on the A stage 
200, can be adjusted (removed). 

[0049] The B stage 300 is used for placing and fixing 
the original substrate 301, which is transported by the 
substrate transporting unit 400, on the tower surface of 
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the bed. For example, the originat substrate 301 is fixed 
and stuck on the surface to be placed by applying a neg* 
ative pressure by vacuum, and is released from fixation 
by swKching the pressure of vacuum to zero or to a pos- 
itive pressure. The substrate transporling unit 400 in- 
eludes various actuators such as a pulse motor, inte- 
grated therein, and is capable of moving in the direction 
of an X-axis (fateraf direction), in the direction of a Y-axis 
(near-far direction), and about a Z-axis (vertical direc- 
tion) in the direction of an rotational angle 9 in the draw- 
ing. The substrate transporting unit 400 Is controlled by 
the control unit 700 in terms of action. The B stage 300 
includes a heater 305 for maintaining the temperature 
of the substrata constant and a temperature sensor 304 
(See Fig. 5) for detecting the temperature of the B stage 
therein. 

Alignment marks 302a and 302b are formed at two po- 
sitions on the original substrate 301. The original sub- 
strate 301 is, for exampfe. a glass substrate. And a thin 
film element, a thin film circuit, or a thin film device (thin 
film sensor, liquid crystal display, organic EL display, 
and so on) to be transferred are formed ttiereon. 
{0050] A frame, not shown, below the A stage is pro- 
vided with lower CCD cameras 602a and 602b. The 
cameras 602a and 602b are used mainly for adjusting 
alignment between the destination substrate 201 and 
the origpnai substrate 301. 

[0051] Fig. 4 shows an exampfe of alignment marks 
formed on the respective substrates. In the example 
shown In the drawing, the positions to which the thin film 
elements or circuits are transferred are transferred In se- 
quence to the respective regions on the destination sub- 
strate 201 by step-by-step action of the A stage. The 
figure (a) shows an example of the original substrate 

301, and alignment marks 3023^ 3Q2an. 302bi, 

302bn are formed at the positions corresponding to the 

objects to be transfeired 3p1a-| 301 a^. such as a thin 

film element or a thin film circuit, and the like. In the fig- 
ure (b), an example of the destination substrate 201, in 
which alignment marks 202a^, 2Q2b^, 202b^, 
202bj^ are formed corresponding to the positions to be 
transferred 20 1a^, 201 a^. Therefore, by moving the 
A stage 200 and the B stage 300 as needed and aligning 
the alignment marks 302a-| and 302b-j of the original 
substrate 301 and the alignment marks 202a^ and 
202b 1 on the destination substrate 201 , Oie object to be 
transferred 301 is positioned at the position to be 
transferred 20132- The object to be transferred 301 32 is 
positioned to the position to be transferred 20132 by 
aligning the alignment marks 30232 302b2 of the 
original substrate 301 with the alignment marks 20232 
and 202b2 of the destination substrate 201. In the same 
manner, by aligning the alignment marks 302af, and 
302bri of the original substrate 301 and the alignment 
marks 2023^ and 202 b^, on the destination substrate 
201 , the object to be transferred 301 a„ is positioned at 
the position to be transferred 201 a^. As will be described 
later, arrangement of the alignment mark is not limited 



to this example. There are various modes of arr3nge- 
ment according to the object, such as the case of trans- 
ferring a plur3lity of objects to be transferred in the same 
region. 

5 [0052] The adhesive agent applying unit 500 applies 
an adhesive agent on the region of the thin film element 
or the thin film circuit, which is an object to be trans- 
ferred, on any substrates, for example, the original sub- 
strate 301Jt is also possible to apply an adhesive agent 

10 on the region to be transferred on the destination sub- 
strate 201 , For this application of an adhesive agent, the 
substrate 301 (or 201) is transported by the substrate 
transporting unit 400, or Is transferred by the movement 
of the B stage 300 (or the A stage 200) to the position 

15 of the adhesive agent applying unit 500, It is also pos- 
sible to move the adhesive agent applying unit 500 and 
apply an adhesive agent on the object to be transfenred, 
or on the position to be transferred, on the correspond- 
ing destination substrate. 

20 {0053] As shown In Fig. 5, the control unit 700 in- 
cludes a camera interface 701. which recognizes the 
pattern of each image output from the CCD cameras 
601a, 601b. 602a, and 602b. and writes the results into 
a predetermined area in a RAM 705, an array interface 

25 702, which converts ou^ut signals from the pressure 
sensor array 203 into data and writes tham on a prede- 
termined area in the RAM, and a temperature sensor 
interface 708, which converts the output signals from the 
temperature sensor 204 disposed on the A stage 200 

30 3nd the temperature sensor 304 disposed on the B 
stage 300 into data and writes them in a predetermined 
area in the RAM. There may be a plurality of tempera- 
ture sensors on each stage. A CPU 706 executes a con- 
trol program stored in a ROM 703, and executes various 

35 controls or exchanges process information with other 
devices. For ex3mple, as will be described lat^r, the 
CPU 706 performs Information processing based on the 
outputs of read marks from the CCD cameras, controls 
a driving circuit of the output interface 704, actuates the 

40 actuators in the A stage 200 and in the B stage 300 for 
controlling the positions orthe postures of the respective 
stages, so that adjustment of inter-substrate alignment 
is achieved. The CPU 706 makes the substrate trans- 
porting unit 400 perform carrying-in, moving, and carry- 

45 ing-out of the substrate via a communication interface 
707 depending on the stage of the manufacturing proc- 
ess. Furthermore, the CPU 706 makes the adhesive 
agent applying unit 500 apply an adhesive agent onto 
the substrate via the communication interface 707. In 

50 addition, the CPU 706 controls a heater driving unit 709 
based on the output signals from the temperature sen- 
sors 204 and 304 disposed on the respective stages, 
and controls the temperatures of the respective stages 
to be maintained at temperatures predetermined there- 

5S for 

{0054] Referring now to Fig. 6 to Fig. 18, inter-sub- 
sU-ate transfer process of a thin film element or a thin 
film circuit by the manufacturing apparatus 1 will be de- 
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scribed. Throughout these drawings, components that 
are the same as or corresponding to the components 
shown in Fig. 1 are designated by the same reference 
numerals, and those components are not described 
here. 

(1) Setting of a mask 

[0055] As shown in Fig. 6, the CPU 706 receives in- 
formation on the mask 102, the destination substrate 
201, and the original substrate 301, which is used as 
process information, selects a corresponding mask 102 
from a plurality of masks provided in advance by the 
mask transporting device, not shown, and sets the se- 
lected mask to the optical unit 100, The mask 102 sets 
the position to irradiate the taser beam 101a and the 
shape of the beam spot as described above. 

(2) Setting of a destination substrate/Adjustment of 
alignment 

[0056] As shown in Fig. 7, the CPU 706 gives an in- 
struction to the substrate transporting unit 400 to trans- 
port the destination substrate 201 to a predetermined 
position on the A stage 200, and fixes it on the A stage 
200 by a negative pressure. Then the CPU 706 moves 
the CCD cameras 601a and 601 b disposed above to the 
posltton exactly facing the alignment marks 103a and 
103b of the mask 102, or predetermines the positions 
of the CCD cameras 601a and 601b so that the positions 
of the CCD cameras 601 a and 601b, and the alignment 
marks 103a and 103b of the mask 102 are aligned. The 
CCD camems 601 a and 601 b read the alignment marks 
1033 and 103b on the mask 102, and the alignment 
marlcs 202a and 202b on the transfer substrate 201 . The 
CPU 706 adjusts the position of the A stage 200 (X, Y, 
9) so that the alignment marks 202a and 202b of the 
destination substrate 201 exactly overlap the alignment 
marks 103a and 103b of the mask 102. Accordingly, 
alignment betweein the mask (position to be transferred 
by irradiation of a laser beam) 1 02 and the destination 
substrate 201 is adjusted. 

(3) Appiication of an adhesive agent on the original 
substrate 

[0057] As shown in Fig. 8, the substrate transporting 
unit 400 transports the original substrate 301 to the ad- 
hesive agent applying unit 500, where an adhesive 
agent is applied to the portion of the thin film element or 
the Uiin film circuit that is to be transferred. 

(4) Adjustment of alignment between the original 
substrate and the destinatron substrate 

[0058] As shown in Fig. 9, the substrate transporting 
unit 400 transports the original substrate 301 applied 
with an adhesive agent to the B stage 300 and fixes tt 



to the lower surface by a negative pressure, The position 
of the B stage (X, Y, 9) is adjusted by moving the lower 
CCD cameras 602a and 602b to the position exactly fac- 
ing the position of the alignment mark on the destination 

5 substrate 201 so that the alignment marks 202a and 
202b on the destination substrate 201 exactly overiap 
the alignment marks 302a and 302b of the original sub- 
strate 301 . Accordingly, alignment among the mask 102, 
the destination substrate 201 . and the original substrate 

10 301 Is adjusted. 

(5) Adjustment of detection of distortron and inclination 

[0059] Furthermore, adjustment of distortion and in- 
15 clination of the destination substrate 201 as shown In 
Fig, 10 is performed as needed. It ts effective when us- 
ing substrates that are liable to bend. 
[0060] The CPU 706 obtains the distribution of the 
pressure (gravity) from the output of the detecting ele- 
20 ments located on the respective positions on the sensor 
array 203, on which the destination substrate 201 is 
placed, and determines distortion and inclination of the 
destination substrate 201 . Based on the determined re- 
sult, the CPU 706 drives the elements on the array 203 
25 to compensate distortion and Inclination^ and cor>trols 
the minute unevenness on the surface of the A stage 

200 to maintain the destination substrate 201 even. 

(6) Adhesion of substrates/Laser irradiation 

30 

[0061] As shown in Fig, 11 . the CPU 706 moves the 
A stage 200 upward and brings the destination substrate 

201 and the original substrate 301 into close contact 
With each other partially via an adhesive agent. An ad- 

35 hesive force is detected by the sensor 203 and the like 
and maintained in a suitable clamping force. The CPU 
706 actuates a laser source, and irradiates only the re* 
glon of the thin film element or the thin film circuit to be 
transferred via the mask 102 from the backside of the 

40 (glass) substrate 301. Accordingly, laser abrasion oc- 
curs in the transferring film and thus peeling occurs in 
the irradiated region. 

(7) Transfer 

45 

[0662] As shown tn Fig, 12, the CPU 706 moves the 
A stage 200 downward after a predetermined time pe- 
riod, which is required for curing the applied adhesive 
agent, has passed, and transfers th§ region of the thin 
^ film element or the thin film circuit to be transferred from 
the original substrate 301, and transfers (moves) the 
same to the destination substnate 201 . 
[0063] In this manner, the first transfer operation is 
completed. 

55 
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(8) Application of an adhesive agent on the original 
substrate 

[0D64] Subsequently, as shown in Fig. 13, the CPU 
705 makes the substrate transporting unit 400 transport 
the original substrate 301 to the position of the adhesive 
agent applying unit 500 to perform the second transfer 
operation. The adhesive agent applying un\i 500 applies 
an adhesive agent to Uie area of a next thin film element 
or a thin film circuit to be transferred on the original sub- 
strate 301. 

(9) Step-by-step movement of the destination substrate 

[0065] As shovwi in Fig. 14, the CPU 706 moves the 
A stage 200 by one step, so that the region of the next 
object to be transferred is placed to the laser irradiation 
position. Therefore, the positions of the alignment marks 
to be used on the destination substrate 201 are switched 
to the alignment marks 202a2 and 202b2 of the next re- 
gion. The CPU 706 moves the A stage 200 and aligns 
the alignment marks 202a2 and 202b2 on the destination 
substrate with the alignment marks 103a and 103b of 
the mask 102 while observing by the CCD cameras 
601 a and 601 b. With this operation, the destination sub- 
strata 201 moves to the position to be transferred In the 
next region. 

(10) Adjustment of alignment between the original 
substrate and the destination substrate 

[0066] As shown in Fig, 15, the CPU 706 makes the 
substrate transporting unit 400 transport the original 

substrate 301, on which an adhesive agent is applied, 
and place the same under the B stage 300. 
{0067] The CPU 706 observes the alignment marks 
20282 and 202b2 on the destination substrate 201 and 
the alignment mark 302a2 and 302b2 of the original sub- 
sirBie 301 by CCD cameras 602a and 602b, adjusts the 
position of the B stage 300, and aligns the alignment 
marks 30232 ^nd 302b2 with the alignment marks 20232 
and 202b2. Accordingly, the laser irradiation position 
102a of the mask 102, the position to be transferred 
20132 destination substrate 201, and the object 

to be transferred 301 32 on the originat substrate 301 co- 
incide in the direction of the Z-axIs, 

(11) Detection and Adjustment of distortion and 
inclination 

[0068] As shown in Fig. 16. adjustment of distortion 
and inclination of the destination substrate 201 is per- 
formed as needed, it is effective when using a film sub- 
strate that is liable to bend. The CPU 706 obtains the 
distribution of the pressure (gravity) based on the out- 
puts from the detection elements at the respective po- 
sitions on the sensor array 203, on which the destination 
substrate 201 is placed, and determines deflection or 



inclination of the destination substrate 201, Based on 
the result of the determination, the CPU 706 drives the 
element of the array 203 so as to compensate the de- 
flection or inclination of the substrate, and controls 
5 minute roughness of the surface of the A stage 200, so 
as to maintain the destination substrate 201 even. 

(12) Adhesion of Substrates/ Irradiation of laser beam 

^0 IQ069J As shown in Fig. 17, the CPU 706 moves the 
A stage 200 upward, and brings the destination sub- 
strate 201 and the destination substrate 301 into close 
contact with each other partially via an adhesive agent. 
An adhesive force is detected by the sensor 203 and the 

^5 like and maintained to a suitable clamping force. The 
CPU 706 moves the laser source 101, and irradiates on- 
ly the region of the thin film element or the thin Olm circuit 
of the object to be transferred 301 aj via the mask 102 
from the backside of the (glass) substrate 301. Accord- 

S!0 ingly, laser abrasion occurs in the transferring film and 
thus peeling occurs in the Irradiated region on the sub- 
strate 301 . 

(13) Transfer 

25 

[0070] As shown in Fig. 18. the CPU 706 moves the 
A stage 200 downward after a predetermined time pe- 
riod, which is required for curing the adhesive agent, has 
passed, and transfers the region of the thin film element 

30 or the thin film circuit of the object to be transferred 
30132 ^^^^ original substrate 301, and transfers 
(moves) the same to the position to be transfen^ed 201 a2 
on the destination substrate 201 . 
[0071] (n this manner, the second peel and transfer 

35 operation is completed. 

(14) fv-times transfer 

f0072] In the same manner, the procedures from (8) 
40 to (13) described above are repeated, and inter-sub- 
strate transfer of the thin film element or the thin film 
circuit by the required number of times, so that the thin 
film element or the thin film circuit formed on the original 
substrate 301 is transferred to the respective predeler- 
^5 mined positions on the destination substrate 201 In se- 
quence; 

(15) Unloading of the subs^ate 

50 [0073] The destination substrate 201 after transfer 
operation has completed Is transported by the substrate 
transporting unit 400 to the next process. From the next 
process on, bonding, packaging, or cutting out of the 
transferred thin film element or the thin film circuit and, 

55 for example, an IC card is assembled. The original sub- 
strate 301 after transfer operation has completed is also 
transported by the substrate transporting unit 400 to a 
collecting container The original substrate 301 , such as 
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a quartz glass substrate, ts retised. 
[0074] In this manner, according to the embodiment 
described above, it is possible to peiform a process in- 
cluding 3 heat process in the manufacturing process on 
a separate substrate, and perform a process of adhering 
it onto a substrate, which is low in heat-resistance, au- 
tomatically by the assemblmg device without forming 
the element circuit and the wiring circuit on the same 
substrate. 

[0075] It is advantageous that the thin fitm circuits, 
which are different in designing rules, sych as width of 
the drawing line of the pattern, can be formed on the 
separate substrates and, after transfer operation, as- 
sembled, automatically on a single substrate. For exam- 
ple, it is possible to form a thin film circuit, foimed of 
drawing tines narrower than those of the pattern on the 
destination substrate, on the destination substrate. 
[0076] Since minute part transfer and adhesion can 
be made by the laser device and the adhering device, 
aligning with the flexible material or the like with a high 
degree of accuracy is easily realized. 
[0077] It is also possible to accommodate upsizing of 
the substrate by repeating transfer and adhering oper- 
ation by a plurality of times, 

[D078J Figs. 19 to 21 show an example of the con- 
struction of an optical system. Fig. 19(a) shows an ex- 
ample in which the number of mask holes used in the 
embodiment described above ts one. The spot shape of 
the laser beam 1 01 a is shaped by the shape of the mask 
hole so that a laser beam corresponding to the shape 
of the thin film active electronic element or the thin film 
circuit to be ^ansferred is obtained- 
[00791 19(b) shows an example In which a single 

beam 101a is split into a plurality of beams and irradiat- 
ed to the original substrate 301 using the diffraction grat- 
ing 102a. Accordingly, by app^rr^ an adhesive agent 
on a plurality of regions to be transferred in advance and 
irradiating simultaneously a plurality of regions, a plu- 
rality of active electronic elements or thin film circuits 
can be transferred from the original substrate 301 to the 
destination substrate 201 . 

[0080] Fig. 20 shows an example in which a single 
beam 101 a is split into a plurality of beams by a diffrac- 
tion grating mask 102c, and an array of beams are irra- 
diated onto the original substrate 301 via the mask 102 
formed with a plurality of holes. Accordingly, the spot 
shape of each beam can be shaped more accurately, 
and a plurality of regions can be peeled and transferred 
simultaneously from the original substrate 301 to the 
destination substrate 201 , 

[0081] By using the mask In this manner, a beam from 
minute spot size (^m) to original size (mm) can be ob- 
tained from a single unit of laser device. In addition, by 
providing a plurality of masks, the shape of the beam 
spot can be selected as desired by changing the mask. 
In addition, the position of the block irradiation or the 
number of blocks to be irradiated c^n advantageously 
be selected. 



[0082] Fig, 21 shows an example in which a laser 
beam is guided through a plurality of optical fibers from 
the laser source 101. The optical fibers are adapted to 
guide the beam independently by using an optical switch 

5 or the like, not shown. The shape of the beam spot is 
formed by the mask 102 at the extremity of the optical 
fiber, so that a plurality of regions are irradiated, in the 
example shown in the drawing, a plurality of regions to 
be transferred are irradiated by a plurality of optical fib- 

10 ers. However, it is also possible to irradiate one entire 
region by bundling a plurality of fibers so as to match 
the outline of a single region to be transferred. Alterna- 
tively, it PS passible to dispose an optically system, such 
as a minute optical lens, at the distal end of the optical 

15 fiber It is also possibte to guide a light to the selected 
optical fibers to irradiate a plurality of positions simulta- 
neously as desired. 

[0083] Ftg. 22 shows another example of arrange- 
ment of the alignment mark. In a certain region on the 
20 destinatkjn substrate 201 , for example, in a region cor- 
responding to a single IC card or a single display, a plu- 
rality of thin film elements or thin film circuits are ad- 
hered. 

[0084] In the same drawing (a), objects to be trans- 
25 ferred 301 to 301 33 are formed on the original sub- 
strate 301 /The alignment marks 302a^ to 30233 
302b^ to 302b3 are disposed corresponding to the ob- 
jects to be transferred 301a^ to 30133. example, 
the positions of the objects to be transferred with respect 
30 to the respective alignment marks are determined cor- 
responding to the positions to be transferred. 
[0085] As shown in the drawing (b), the alignment 
marks 202a and 202b are formed on the destination 
substrate 201. 

35 [0086] Subsequently, an example of usage of these 
alignment marks will be described. Adjustment of the 
alignment of the alignment marks 103a and 103b on the 
mask 102 and the alignment marks 202a and 202b on 
the destination substrate 201 are performed by moving 

^0 the A stage 200. Subsequently, an adhesive agent is 
applied on the object to be transferred 301 a^ of the orig- 
inal substrate 301 , and the B stage 300 Is moved to align 
the alignment marks 302a.| and 302b-, on the origmal 
substrate 301 with the alignment mari^s 202a and 202b 

45 on the destination substrate 201, The A stage 200 is 
moved upward and adhered thereto, and then the laser 
beam 1 01a is irradiated to make the object to be trans- 
ferred 301 a-i possible to be transferred from the original 
substrate 301, In this case, It is convenient to use the 

50 mask as shown in Fig. 21, with which a plurality of re- 
gions can be selectively irradiated. The A stage 200 is 
moved downward and the object to be transferred 301 a^ 
is transferred to a predetermined position on the desti- 
nation substrate 201. Then, an adhesive agent is ap- 

55 plied on the object to be transferred 301 33 of the original 
substrate 301. The alignment mari^s 202a and 202b on 
the destination substrate 201 are moved to the B stage 
300, and the alignment mark 302a2 and 302b2 of the 
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original substrate 301 are aligned. The A stage 200 Is 
moved upward and the destination substrate 201 and 
the original substrate 301 are adhered, and the laser 
beam 101a is Irradiated thereon to make the object to 
be transferred 301 32 possible to be transferred. Subse- 
quently, the A stage 20O is moved downward and the 
object to be transferred 301 82 is transferred to a prede- 
termined position on the destination substrate 201. 
Then, an adhesive agent is applied to the object to be 
transferred 30133 of the original substrate 301. The B 
stage 300 is moved to the alignment marks 202a and 
202b on the destination substrate 201 to align the align- 
ment marks 302a3 and 302b3 of the original substrate 
301. The A stage 200 is moved upward to adhere the 
destination substrate 201 and the original substrate 301 , 
then the laser beam 1 01 a is irradiated to make the object 
to be transferred 30133, The A stage 200 is moved 
downward and the object to be transferred 301 33 is 
transferred to a predetermined position on the destina- 
tion substrate 201. 

[0087| It is also applicable to provide a plurality of 
masks 102 as shown in Fig. 19, but having holes at dif- 
ferent positions, so that the mask 102 is replaced one 
after another corresponding to the change of the posi- 
tion to be transferred to align the alignment marie on the 
destination substrate 201 with the alignment mark on 
the mask 102. It is also applicable to adjust the position 
^ to irradiate the laser beam 101a corresponding to the 
change of the position of the mask holes by moving Uie 
laser source 1 01 , for example. 

[0088] In this manner, assembling of a plurality of ac- 
tive electronic elements or circuits in one region on the 
destination substrate 201 is adiieved. 
[0039] Fig, 23 shows another example of arrange- 
ment of the alignment mark. In this example, a plurality 
of thin film elements or thin film circuits are adhered in 
a plurality of regions on the destination substrate 201, 
for example, in a plurality of regions corresponding to 
the number of a plurality of IC cards or the displays. 
[0090] As shown in the drawing (a), the original sub- 
strate 301 is formed with the objects to be transferred 
301 a^, 30132, 30133. The alignment marks 3023^, 
302a2, ... and 302b^, 302b2, are arranged corre- 
sponding to the objects to be transferred 301 a-^, 301 

30133 example, ^e positions of the objects 

to be transferred with respect to the respective'^ align- 
ment marks are determined corresponding to the posi- 
tions to be transferred. The object to be transferred 
301 a^j is divided into groups by the corresponding re- 
gions on the destination substrate 201 , and the same 
type or the different types of thin film elements or thin 
film circuits are formed thereon. 
[0091] As shown in the drawing (b), the destination 
substrate 201 is formed with a plurality of regions D^, 
□2, D3, ... on which the IC card or the display must be 
assembled. The regions D^, D2, D3. ... are fomied with 
the alignment marks 202^^, 20232* 20283, .... respec- 
tively. These alignment marics formed on the respective 



regions are used for moving the destination substrate 
201 (or the A stage 200) step by step. 
[0092] An example of usage of these alignment marks 
will now be described. In order to perform the first trans- 

5 fer, the A stage 200 is moved to adjust alignment be- 
tween the alignment marks 103a and 103b on the mask 
102 and the alignment marks 202a^ and 202b^ on the 
destination substrate 201. Subsequently, an adhesive 
agent is applied to the object to be transferred 301 of 

10 the original substrate 301, then the B stage 300 Is 
moved to align the alignment marks 302a-, and 302b^ 
on the original substrate 301 and the alignment marks 
202a^ and 202b^ on the destination substrate 201, The 
A stage 200 is moved upward and adhere thereto, and 
the laser beam 101a is irradiated to make the object to 
be transferred 301 possible to be peeled from the orig- 
inal substrate 301. In this case» it is convenient to use 
the mask as shown in Fig. 21 , with which a plurality of 
regions can be selectively irradiated. The A stage 200 

20 is moved downward and the object to be transferred 
301 a^f is transferred to a predetermined position on the 
destination substrate 201 . 

[0093] in order to perform the second transfer^ an ad- 
hesive agent is applied to the object to be transferred 

25 30132 °" original substrate 301. The B stage 300 is 
moved to align the alignment marks 202a^ and 202b^ 
on the destination substrate 201 with the alignment 
mari<s 30132 302b2 on the original substrate 301, 
The A stage 200 is moved upward and adhere the des- 

30 tination substrate 201 and the original substrate 301, 
and then the laser beam 101a is irradiated to make the 
object to be transferred 301 a2 possible to be peeled. 
Then the A stage 200 Is moved downward and the object 
to be transferred 301a2 is peeled and transferred to a 

35 predetermined position on the destination substrate 
201. 

[0094] In order to perform the third transfer, an adhe- 
sive agent Is applied to the object to be transferred 
30133 original substrate 301 . The B stage 300 Is 

40 moved to align the alignment marks 2023^ and 202b^ 
on the destination substrate 201 with the-alignment 
marks 302a3 and 302b3 on the original substrate 301. 
The A stage 200 is moved upward to adhere the desti- 
nation substrate 201 and the original substrate 301 , and 

^5 the laser beam 101 a is irradiated to make the object to 
be transferred 30133 possible to be peeled. Then, the A 
stage 200 ts moved downward and the object to be 
transferred 301 33 is peeled and transferred to a prede- 
termined position on the destination substrate 201 . 

50 [0095] Subsequently, a step-by-step movement Is 
performed to change the region to be transferred on the 
destination substrate 201 from to D2. In order to do 
so, the A stage 200 is moved to align the alignment 
marks 202a2 and 202b2 on the destination substrate 201 

55 with the alignment mark 103a and 103b on the mask 
102. The original substrate 301 is moved to the region 
to be transferred D2 as in the cases of the first to the 
third transfer described above, and the objects to be 
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transferred 301 34, 301 ag, and 301 ag are peeled and 
transferred. 

[0Q96] The assembiing operation using such a trans- 
fer technology is performed for each region D^, D2, 
D3, and the destination substrate on which assembly 
is compteled is transferred from the A stage 200 to the 
next process. When the objects to be transferred 301 . 
301 301a, ... are completely transferred, the sub» 
stnate 301 Is replaced, 

[0097] In this embodiment of step-by-step transfer, it 
is also possible to provide a plurality of masks 102 as 
shown in Fig, 1 9, but having holes at different positions, 
and replace the mask 1 02 one after another correspond- 
ing to the change of the position to be transferred to align 
the alignment mark on the destination substrate 201 to 
the alignment mark on the mask 102. It is also possible 
to adjust the position to irradiate the laser beam 101a 
corresponding to the change of the position of the mask 
hole by moving the laser beam source 101 , for example. 
[0098] Fig. 24 shows a state in whfch the thin film el- 
ement {301 a^) or the thin film circuit (301 is trans- 
ferred to the destination substrate 201. The destination 
substrate 201 is formed with a wiring, and the thin film 
element or the thin film circuit are connected to the wir- 
ing. Connection may be achieved by wire bonding or via 
a connecting substrate, which is not shown. For exam- 
ple, in the case of the fC card, the destination substrate 
201 Is a thin film substrate in a form of a film, and two 
plastic plates having a printed connecting circuit are ad- 
hered on both sides thereof via anisotropic conductive 
films. 

[0099] Fig. 25 shows an example in which a large 
sized electronic devtee is manufactured by arranging 
the thin film circuits 301 to 301 a^^ in a matrix by ad« 
hering them oh a large destination substrate 201 , for ex- 
ample, a glass substrate, in the same manner as tiling. 
The large electronic device corresponds to a electric op- 
tical device such as a liquid crystal display or an organic 
EL device. The electronic device may be a memory or 
a gate array. The thin film circuit for the electric optical 
device corresponds to a unit of display element array. 
Connection between the thin film circuits may be 
achieved by superimposing regions 301 d on each of the 
thin film clrcutls. which are parts of those Oiin film cir- 
cuits. The connection is also achieved by connecting the 
adjacent thin film circuits by a bridge wiring via a wiring 
film 30 1e formed further on the thin film circuit group. 
[0100] In this manner, a plurality of thin film elements 
or thin film circuits can be assembled in a plurality of 
regions on the destination substrate 201 . 

(Application) 

[0101] Another mode of action in the manufacturing 
apparatus described above will be described. 
[0102] In the embodiment described above, adjust- 
ment of alignment between the substrates is performed 
by aligning the reference position on the destination 



substrate 201 with the reference position on the mask 
102, and aligning the reference position on the original 
substrate 301 with the reference position on the desti- 
nation substrate 201 . However, it is also possible to align 

5 the reference position on the destination substrate 201 
with the reference position on the mask 102, and align 
the reference position on the original substrate 301 with 
the reference position on the mask 102. In this case, 
alignment with a higher degree of accuracy is achieved. 

10 [0103} In the step-by-step operation in the embodi- 
ment described above, adjustment of alignment be- 
tween the mask 102 and the destination substrate 201 
are performed every time when the region to be trans- 
ferred on the destination substrate 201 is changed 

^5 to align the destination substrate 201 with a high degree 
of accuracy. However, it is also possible to perform the 
adjustment of alignment only with the first transfer proc- 
ess, and then perform the step»by-step operation de- 
pending on the mechanical accuracy of the A stage from 

20 the next process on, so that time required for adjustment 
of alignment is reduced. 

[0104] in the embodiment described above, the align- 
ment marks are observed from both sides by the CCD 
cameras 601a and 601b disposed above for observing 

25 the substrate from the reference surface side (the side 
of the mask 102) and the CCD cameras 602a and 602b 
disposed below for observing the reference surface 
from the substrate side. However, it ts also possible to 
observe only from one side by a camera disposed on 

30 either side. 

{0105] in the embodiment described above, different 
alignment marks are used for every objects to be trans- 
ferred 301 a^ or for every regions to be transferred Dp. 
However, It is also possible to use the same alignment 
mark and obtain the corresponding positions depending 
on the accuracy of movement of the stage. 
[0106] In the embodiment described above, tJie align- 
ment mark is formed on the substrate. However, when 
using the pattern on the substrate (for example, a circuit 

40 pattern), it is also possible to avoid formation of align- 
ment marks separately from the pattern of the thin film 
circuit or the like based on the function of the substrate. 
[0107] In the embodiment described above, the pat- 
terns on the mask, the destination substrate, and the 

^5 original substrate are arranged in reference to the align- 
ment marks, A plurality of times of transfer in a single 
region and a plurality of times of transfer for a plurality 
of regions are possible by using the alignment mark for 
every transfer (every object to be transferred) orfor eve- 

50 ry regions - 

[0108] In the embodiment described above, the orig- 
inal substrate 301 is transported to the position of the 
adhesive agent applying unit 500 by the substrate trans- 
portinQ unit 400 to apply an adhesive agent to the region 

55 to be transferred on the substrate and then transported 
to the 8 stage 300. However, it Is also possible to trans- 
port the destination substrate 201 to the posiUon of the 
adhesive agent applying unit 500 by the substrate trans- 
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porting unit 400 to apply an adhesive agent to the region 
to be transferred on the destination substrate 201 and 
then transported to the A stage 200. Aitern a lively, it rs 
also possible to move the adhesive agent applying unit 
500 to apply an adhesive agent on the corresponding 
position on the destination substrate 201 or the original 
substrate 301 . In addition, it fs also applicable to fix the 
nozzle position of. the adhesive agent applying unit 500, 
which discharges an adhesive agent, and move the A 
or B stage, on which the substrate Is placed, to apply an 
adhesive agent to a predetermined position. 
[01 D9] Furthermore, in the embodiment described 
above, an piezoelectric element disposed in a matrix on 
the A stage 200 is used as a sensor or a driving unit by 
switching the driver. However, it is also possible to pro- 
vide a sensor and a driving unit by the use of a piezoe- 
lectric element or the like separately, so that adjustment 
Is performed by driving the driving unit while detecting 
by the sensor They are not limited to the piezo electric 
element. 

[0110] As described above, the suitable optical mask 
102 can be selected every time from a plurality of types 
of mask having openings corresponding to the positions 
to be transferred, 

[0111] The laser beam can be split by the diffraction 
mask to form an array of spots, ft is also possible to se- 
lectively irradiate a laser beam entirely or partly to a plu- 
rality of regions by guiding the laser beam to a desired 
position by the optfcal fiber cable and the optical switch. 
[0112] As described above, accordirrg to the method 
and apparatus for manufacturing electronic devices of 
the present invention, transfer of the thin film element 
or the thin film circuit between the substrates can be au- 
tomated. The embodiments or applications can be used 
by combining as needed according to the usage, and 
the present invention is not limited to the embodiments. 
[0113] As described thus far, according to a meUiod 
and an apparatus for manufacturing electronic devices 
of the invention, since an electronic device can be as- 
sembled by transferring a thin film element or a thin film 
circuit formed on one substrate to another substrate, a 
plurality of thin film elements or thin film circuits formed 
on other substrates can be arranged on a large sub- 
strate, and thus a large electronic device, such as a 
large liquid crystal display panel or an organic EL dis- 
play, can be manufactured by using a relatively small 
manufacturing apparatus. In addition, the electronic de- 
vice can be assembled by combining a thin film element 
or a thin film circuit manufactured separately in the proc« 
esses under difference conditions such as an allowable 
process temperature or the drawing width. 



Clalmis 

1. An apparatus for manufacturing electronic devices 
comprising: 



a laser device for generating laser beams: 
a masking unit having a masking substrate for 
shaping beam spots of the laser beams; 
a first stage for placing a first substrate, which 
5 carries a object to be transferred; 

a second stage for placing a second substrate, 
to which the object to be transferred is trans- 
ferred; 

an adhesive agent applying unit for applying an 
10 adhesive agent on the object to be transferred 

or on a transferred position on the second sub- 
strate; and 

a control unit for controlling the actions of at 
least one of the first and the second stages, 

15 

wherein the control unit transfers the object to 
be transferred from the first substrate to the second 
substrate by the steps of moving at least one of the 
first and the second stages for performing the inter- 
20 substrate aligning of the masking substrate, the first 
and the second substrates, adhering the first and 
the second substrates, irradiating a laser beam onto 
the object to be transferred, and moving the first and 
the second substrates away from each other. 



25 



An apparatus for manufacturing electronic devices 
according to Claim 1 . further comprising a substrate 
transporting unit for transporting the substrates to 
the stage. 



30 



3. An apparatus for manufacturing electronic devices 
according to Claim 1 or 2, wherein alignment be- 
tween the substrates Is performed by forming align- 
ment marks on each of the masking substrate, and 

35 the first and the second substrates in advance, de- 
tecting the overiapping state of alignment of the 
alignment marks by a detecting unit, and moving at 
least one of the first and the second stages based 
on the result thereof. 

40 

4. An apparatus for manufacturing electronic devices 
according to Claim 3, wherein the detecting unit is 
a CCD camera, and the state of alignment can be 
detected by observing the overlapping state of the 

45 alignment marks. 

5. An apparatus for manufacturing electronic devices 
according to any one of Claims 1 to 4, wherein the 
Inter-substrate alignment is performed by aligning 

50 the alignment mark on the second substrate with 
the alignment mark on the masking substrate, and 
afigning the alignment mark of the first substrate 
with the alignment mark on the second substrate. 

55 5, An apparatus for manufacturing electronic devices 
acconding to any one of Claims 1 to 6, wherein the 
inter-substrate alignment is performed by aligning 
the alignment mark on the first substrate to . the 
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aNgnment mark on the masking substrate, and the 
alignment mark on the second substrate to the 
alignment mark on the first substrate. 

7. An apparatus for manufacturing electronic devices 
' according to any one of Claims 1 to 5. wherein the 

inter-substrate alignment is performed by aligning 
the alignment mark on the first substrate to the 
alignment mari^ on the masking substrate and align- 
ing the alignment mark on the second substrate to 
the alignment mark on the masking substrate. 

8. An apparatus for manufacturing electronic devices 
according to any one of Claims 1 to 7, wherein the 
alignment mark is formed on the first substrate for 
each object to be transferred. 

9. An apparatus for manufacturing electronic devices 
according to any one of Claims 1 to 8, wherein an 
alignment mark is formed on the second substrate 
for each predeieimined region. 

10. An apparatus for manufacturing electronic devices 
according to any one of Claims 1 to 9, wherein the 
masking substrate includes a transmission window 
substrate formed with a transmission window small- 
er than the laser beam size, and a plurality of trans- 
mission window subs^ates each having a faransmrs- 
sion window which is different in size from others 
are provided in advance, so that one of the trans- 
mission window substrates can be selected as 
needed corresponding to the shape of the object to 
be tmnsf erred, 

11. An apparatus for manufacturing electronic devices 
according to any one of Claim 1 to 10, wherein the 
masking substrate comprises a dHfraction grating 
substrate for splitting the laser beam Into a plurality 
of branches. 

12. An apparatus for manufacturing electronic devices 
according to any one of Claims 1 to 10, wherein the 
masking substrate comprises the diffraction grating 
for splitting the laser beam into a plurality of beams, 
and a transmission window substrate formed with a 
plurality of transmission windows corresponding to 
the split plurality of beams, 

13. An apparatus for manufacturing electronic devices 
according to any one of Claims 1 to 10, wherein a 
laser beam is split into a plurality of beams by an 
optical ftber, or a plurality of laser beams guided 
from a plurality of laser beam sources through a plu- 
rality of optical fibers and the transmission window 
substrate formed with a plurality of transmission 
windows are used. 

14. An apparatus for manufacturing electronic devices 



according to any one of Claims 1 to 13, wherein an 
undulation preventing unit is provided on the sec- 
ond stage for reducing undulation or inclination of 
the second substrate. 

5 

15. An apparatus for manufacturing electronic devices 
according to Claim 14. wherein the undulation pre- 
venting unit comprises a plurality of pressure sen- 
sors for detecting the pressure an-anged on the sur- 

10 face of the second stage on which the substrate is 
placed, a plurality of minutely elastic objects dis- 
posed on the surface of the second stage on which 
the substrate is placed, and an unduiation correct- 
ing unit for controlling expansion and contraction of 
the plurality of minutely elastic objects based on the 
respective outputs from the plurality of sensors. 

16. An apparatus for manufacturing electronic devices 
according to Claim 15» wherein the pressure sensor 

20 and the minutely elastic objects are constructed of 
a piezoelectric element. 

17. An apparatus for manufacturing electronic devices 
according to Claims 15 or 16, wherein a piece of 

^5 plezoeteclric element is used as both the pressure 
sensor and the minutely elastic object. 

18. An apparatus for manufacturing electronic devices 
according to any one of Claims 1 to 17, wherein the 

SO object to be transfen'ed comprises a thin film ele- 
ment or a thin film circuit. 

19. An apparatus for manufacUiring electronic devices 
according to any one of Claims 1 to 18, wherein the 

^5 first substrate is a transparent substrate such as 
glass. 

20. An apparatus for manufacturing electronic devices 
according to any one of Claims 1 to 19, wherein the 

40 second substrate is a substrate on which a wiring 
is formed thereon. 

21. An apparatus for manufacturing electronic devices 
according to any one of Claims 1 to 20, wherein 

45 temperature control units are provided at least on 
one of the first and second stages for controlling the 
temperature of ^e stages. 

22* An apparatus for manufacturing electronic devices 

50 according to any one of Claim 1 to 21 , wherein the 
electronic device comprises at least any one of a 
semiconductor device and an electrooptical device, 

23, A method for manufacturing electronic devices us- 
55 ing a transfer technology in which an object to be 

transferred fonned on a first substrate is transferred 
onto a second substrate, comprising the steps of: 
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selecting one of a mask substrate having the 

transmission window, the first and the second 
substrates as a reference substrate for align- 
ment; 

adjusting the positions of the respective sub- 
strates so that an alignment mark formed on the 
reference substrate and an alignment marks 
formed on the other two substrates are aligned 
with each other; 

adhering the first and the second substrates via 
an adhesive agent applied on the portion of the 
object to be transferred; 
irradiating a laser onto the object to be trans- 
ferred via the masking substrate and transfer- 
ring the object to be transferred from the first 
substrate; and 

separating the first and the second substrates 
and transferring the object to be transferred to 
the second substrate. 

24. A method for manufacturing electronic devices us- 
ing a transfer technology in which an object to be 
transferred formed on a first substrate is peeled and 
transferred to a second substrate, comprising the 
steps of; 

aligning an alignment mark formed on the sec- 
end substi^te to an alignment mark formed on 
a masking substrate having a transmission win- 
dow corresponding to the shape of an object to 

be transferred, 

aligning an alignment mark formed on the first 
substrate with the alignment mark formed on 
the second substrate, 

adhering the first and the second substrates via 
an adhesive agent applied on the portion of the 
object to be transfenred. 
irradiating a laser onto the object to be trans- 
ferred through . the masking substrate and 
transferring the object to be transferred from 
the first substrate, and 

separating the first and the second substrates 
and transferring the object to be transferred to 
the second substrate. 

25. A method for manufacturing electronic devices us- 
ing a transfer technology in which an object to be 
transferred formed on a first substrate is transferred 
to a second substrate, comprising the steps of: 

aligning an alignment mark formed on the first 
substrate with an alignment mark formed on a 
masking substrate having a transmission win- 
dow corresponding to the shape of the object 

to be transferred; 

aligning an alignment mark formed on the sec- 
ond substrate with the alignment mark on the 
first substrate; 



adhering the first and the second substrates via 
an adhesive agent applied on the portion of the 
object to be transferred; 
irradiating a laser onto the object to be trans- 
5 ferred through the masking substrate and 

transferring the object to b^ transferred from 
the first substrate, and 

separating the first and the second substrates 
and transferring the object to be transferred to 
10 the second substrate. 

26. A method of manufacturing electronic devices using 
a transfer technology in which an object to be trans- 
ferred formed on a first substrate is peeled and 

15 transferred to a second substrate, comprising the 
steps of: 

aligning an alignment mark formed on the first 
substrata with an alignment mark formed on a 
20 masking substrate having transmission window 

corresponding to the shape of the object to be 

transmitted; 

aligning the alignment mark formed on the sec- 
ond substrate with an alignment mark formed 

25 on the masking substrate; 

adhering the first and the second substrates via 
an adhesive agent applied on the portion of the 
object to be transferred; 
Irradiating a laser via the masking substrate to 

30 the object to be transferred and peeling the ob- 

ject to be tnansferred from the first substrate; 
and 

separating the first and the second substrates 
and transferring the object to be transferred to 
35 the second substrate. 

27. A method of manufacturing electronic devices ac- 
cording to any one of Claims 23 to 26, wherein the 
masking substrate includes a unit for branching the 

40 laser beam into a plurality of beams, and a plurality 
of windows for attowing the plurality of branched la- 
ser beams to pass, respectively. 

28. A method of manufacturing electronic devices ac- 
cording to Claim 27, wherein the branching unit in- 
cludes 3 diffraction grating or a plurality of optical 
fibers. 
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